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A SEMI-ANALYTICAL MOIIEL OF STELLAIl FLARES

it. A. Kopp” and G. Poletto””
“ Los Alamos Ntitionrd Lii}wratory, Los .41rimos, Nhl 87545

““ Oswrvatork Astrofisico di .Arc(~tri, Lnrgo Enrico Fwni, 5, 50125 Firm-m, Italy

*4BSTI?.4C~ We prcsmlt a simp]ifie(l “point” mo(lcl to d(wribc t hc hydrodylmmic
response of coronal lo(q) l)li\SInCl to tlw sudden rclca.w of cmcrgy which occurs rit tlw
time of a kc, Our Sillllllificiltion illlOWS tilt’ full Set of pw-t iill differm)t iill r(lll:lt ions

for cncr~v, monwIltllnl, ItIl(l ‘.IliMScmwr~-iition to k r(’plilC(’{1I)y a cwr(’spol,(lillg s(’t of
ordinnry different i[i! c(~[lilt imls for t ]w ;)li:~~l]apropmt i(-s atlcragd owr ill c loop vol/L?:Lc.

The tmnpcmd prdilrs of I)lwmm tcmlwntum, density, HI](1velocity ~rc c~llculntml (nx r
ii time intcrvtd k)Ilg tvK)Ilg]I to ensure th[it prr-fliir(~ co]]ditiol]s” iir(: r(:-(~~tiil)lisli( ’(1. TiI(I
IllOdCl is Us(’(l for tlW illt(’rl)r(’tiitioll of StCllrir flare (Iiltil. 111])cwt i(”llliir, \vc d(~ri\”c ii Sd

of rcprewntnt iw ]mq) gt .Jlll(’tri(*s nlI(l ilnrc enmgy in])~lts Ivllicll illlo\VS IIS to r(q)ro(lum”
thC high cmissim 111(’iWlll”(’S t~])i(::ill~ iI]f(m(d frolll obS(’rVilt ions of St(’llilr flill’(’S,

Ol)s(’r’7iti(ms of st(’ll;lr f!ill’(’> in .S-ril]”S IIilvc 1)(W1 Ilhiifl(’ (*xt(l]lsiv(’ly (J]l]y i]] tl](’ lilSt f(’~v
ycms. 1)~ tll(’ lhn~trin 1111(1EA’OSA T ol)s(~ryiitori(~s.” ll(I\v(Iv(Ir, tl.r lilllit(~(l tllllll!)(’r of
olwrv(v! (Wl~llts 1111(1tll(’ l:ll-li of S]):lt iill rcsollltioll” ill tll(’ (lilt il ]l; lVf ’ IIl)t st i]l]lll;lt(’(1 [1
tll(mmgll nllnlysi+ (If s’(’ll; Ir Hill’(’S, \v]ii(”]l COIiw*rlll(*llt]y rt’lll;lill ]J()()rly 111I(l(q’slo(Nl ])llt’-

I1OIIN’1111.TII(” lly(llo(l:,”]l;lllii(.s of t II(. flnrillg ~OIOII;Il”100])”])liisll)il, for i;lst ii]l[’(’, IIils I)(v’11
Stlldi(y] ])VO1l]Vn f(’\$’illlt]](]1”s,TII(I NC(Irkof R(’:11(*d III, [ 19SS), \vliI)[l])]:!i~vt III(. IIIIIII(*r-. .
irld ]Iy(]ro-r(x](” C[ll(’lllillillll - ]]l(,violl>l!” Ilw(l ill S4)1111fl;lr(’ >Ill(li(’s 10 II II; II)” ZI’ :1 fl:ll”(’(Ml

Prox C’(*11.r(q)r(w’l]tf,. MI fill”, 11( ’; LI”]~ 1]1(’ .)lI]~ lltt(’1111)1 to (’Xt (’11(1 IIlf ’t]llll]> 115! ’(! ill S()]; ll.

]dlysirs to strllw flnrf. I(WI:III‘Il. 011 tll(’otlwr 11*,.1(!,t]u’ lil(’k of :IIIy i]]fl)rl]l;ltioll 011 tll(.
S])Rit~l\] c]lnr~ctf’ristirs of S!(’il:ll’ (sV(‘IIS sllggfwifs (lr(q)l}illg silt’11Sol)l]isti(;lt(vl tllllql(’ri(’;ll

sr !I(’liws in fnvor of n sil]l]d.fi{vl 1{..!illi(llw c[Ilmld(. of ]w(wlirtillg tll(’ t,ill](’ (h’]) IIII(hmIIrI’of
th(~ tmly olwrvmt~h’ (1(1:1111iti~’s. Ill IlllIIly, tli(’ sjmti}d]y lIv(IrIIg(I(l ]J!IISIII;I])1()])(,1:i(’s.
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Our model hypothmi~cs n sudden cncr~v rclcwc in a rigid flux t ~ltm and r,lcscribcs the
successive bchiwior of the loop plasma. By integrating the partinl diffcrcutial equntions
for mass and cner~v conscrvntion along a loop, whose pressure is assumml to bc spntinily
uniform, and equating the downward conductive flux to the upwind cnthulpy flux nt the
lmp bnse, we get a set of ordinary differential mpmtiom for the avcra~~ loop prcwmrc,
P(t), and density, p(t):

cfP = (?PV) ; (~ -1)
XL

~[w’. - ~co)+ (F, – Fro)]

dp /)1’

Tt=ir’
w’here y is tl.e specific h~ilt ratio, v = [(~ - 1)/7](F= - ~~)/~ - ,Jjj is tli~! cvnl)or,,t.iol,
velocity minus the grnvit [Iti[mnl free-fail velocity, and L is the lmq> scllli-h:ngt h; FC, Fr.
and Fd, Fro rrprcscnt thc comluct.ivc and radintivc fluxm tit timrs t and t = O (Im:-fl:ir{’

TINYndcquncy of thc mod~~l to rcproducc rdist icnlly t lm f!il~il]g l(q) ]>liisln~ II(U

hmior ims km tested I)y C(JIIl])~rhlg its predictions ngninst those from fld] hyhm-codr
cdcdationst Coxllmon]y d(qdd in so]nr fhtrr mmhding. In order to n]ilk(t this co;ll])ilr-

ison wc lmw wlmt cd th %tnmhm! nmdd’* of Pdlnvicini (’t al. ( 19S3). Rcsldts fr[ml
the “point w modd ngrrc qllitr rlfAy with the nxmlts of P}dli]~i~illi ct. n], thrmlghrnlt
th(? dmly ])IIIW of th(’ fhllv, for h loop with idcnticn] Ixmndmy nml init inl condit i(~]ls
(Kopp md Pokt to, 199(1).
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2) the flare ener~ input is, for the largest flares, a few hundred times Iargvr thaxl in

typical solar flares - see Pallavicini et al.’s (1983) “standard model”;

3) large flares can originate only in large loops, because a large energy input in a
small loop results in a catastrophic loop disappearance driven by large radiative 1-,sses.
‘Intwmediaten flares,however, caii be explained by a variety of parameter values. Ob-
mmations of flare electron densities, via the density-sensitive line ratio technique, may
help solve this tunbiguity.
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